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Annotation. Internal combustion engines are equipped with turbochargers to increase their power, while the
design of the engine itself practically remains unchanged. The turbocharger operates at high rotor speeds (25000
...110000 min), as well as at high temperature conditions (650...700 °C). The problem is compound by the fact
that the bearing assembly receives a lubricant that was involved in lubrication of the rubbing elements of the entire
engine, since the turbocharger bearing lubrication system is combined with the engine lubrication system. This
leads to increased wear on the turbocharger bearing and a reduction in its service life. These circumstances require
an increase in the lubrication efficiency of the turbocharger—bearing unit. To solve this problem, we have
developed a new design of an individual lubrication system for the internal combustion engine turbocharger
bearing. The design solution allows to provide the turbocharger bearing assembly with lubricant in the engine start
mode and after it stops during the rotation of the rotor by inertia for 90 seconds. The article deals with the design
calculation of the individual turbocharger bearing lubrication system. In order to be able to calculate the design of
an individual turbocharger bearing lubrication system for any engine, a mathematical model has been developed.
The final formulas for calculating the parameters of the turbocharger bearing lubrication system are present, as
well as specific calculation results for the most common brand of turbocharger.

Keywords: efficiency of the turbocharger, autonomous system of lubrication, calculation of parameters of the
lubricating system.

Introduction

Agricultural production is one of the main sectors of the country’s economy, which constantly needs
to attract mobile energy resources to perform technological processes in crop production and animal
husbandry [1; 2]. The most promising way to meet the needs of the agro—industrial complex in energy
resources is to increase their unit capacity [3; 4].

Increasing the unit power of the internal combustion engine is associated with the use of a
turbocharger. This method is widely used, since it does not require changing the internal design
parameters of the engine, while it leads to a significant (40...50%) increase in their power [5; 6].
However, the lack of reliability of the turbochargers leads to a decrease in the efficiency of their use,
which leads to long downtime of equipment, especially during busy production cycles [7; 8].

As a result of the research, it was found that the number of failures increases with increasing wear
and tear of equipment, which will eventually lead to an increase in the recovery period [2]. In this regard,
research aimed at ensuring the performance of systems and units, as well as tractors and agricultural
machines in general, is relevant.

Performance indicators, performance, fuel efficiency and reliability of equipment directly depend
on the conditions and intensity of loads on tractor engines, which are characterized by frequent and
abrupt changes of modes. Increased wear, reduced technical and economic indicators and engine power
are associated with frequent starts and long stops of diesel engines, as well as short-term overloads,
significant periods of acceleration and braking [9; 10].

A special feature of the turbocharger installed on automobile diesel engines is the compressor drive
itself, which pumps air into the engine cylinders, which is carried out by means of a turbine. The turbine
is driven in rotation by the exhaust gases of the engine itself, it has a common shaft with the compressor
and sliding bearing. The turbocharger bearing operates under extremely negative conditions, since the
exhaust gas temperature is 700 °C, which affects the turbine and the bearing. Since the oil entering the
turbocharger bearing assembly participates in lubrication of the rubbing elements of the entire engine,
it soon loses the quality that ensures the reliability of the turbocharger operation.

Thus, the bearing unit of the turbocharger is the object of the entire engine lubrication system, on
the one hand, and the lubricant that participates in the lubrication of all rubbing elements soon loses its
performance, on the other, which reduces the reliability of the turbocharger [11; 12]. Moreover, the
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turbocharger rotor develops a rotation speed from 15000 to 90000 mint, while, structurally, there is no
rigid kinematic connection with the oil pump, which leads to a long run-out of the rotor without the
supply of lubricant. This circumstance leads to a sharp increase in the temperature in the bearing unit,
coking of the oil and accelerated wear of the bearings.

One of the ways to solve the problem of improving the operational reliability of a diesel engine
turbocharger is to improve the lubrication system of its bearing.

Materials and methods

We have developed an individual lubrication system for the turbocharger bearing. The use of an
individual lubrication system for the turbocharger bearing ensures its operation regardless of the
standard engine lubrication system. In this case, it is possible to lubricate the bearing of the turbocharger
already in the starting mode of the engine, during its operation and after stopping. The presence of a
hydrobattery in the design of the individual turbocharger bearing lubrication system allows to continue
to lubricate the rotating parts of the turbine by inertia until they are completely stopped after stopping
the engine.

For smooth operation of the individual lubrication system of the turbocharger bearing, it is
necessary to develop its mathematical model, which involves calculations for all types of engines with
different models of turbochargers. When calculating the oil consumption through various elements of
the diesel engine lubrication system, you can use the general equation of the expense balance [5]:

G, =G, (Apk‘/k) , (1)

where G —oil flow, I-s%;
Apx — pressure loss across the element of the oil system, MPa;
vk — dynamic oil viscosity, Pa-s.

The oil flow (Gi) through any element of the lubrication system is a function of the loss of the
pressure value and the dynamic viscosity of the oil on it (w).

The oil flow balance for a system consisting of n nodes can be recorded [5; 6]:
K; M;
ZGK (APka)ZZGm (APme )’ (2)
k=1 m=1

where  Gy(Apkw) — amount of the oil flow in the k-th branch, at the entrance to the i-th node (K —
number of corresponding branches), I-s?;
Gm(Apmvm) — 0il flow in the m-th branch, at the exit of the i-th node (M — number of such
branches), I-s.

Results and discussion

To develop a mathematical model of an individual turbocharger bearing lubrication system (Fig. 1),
it is necessary to divide it into sections. Each section corresponds to the length of the lubricant path
traveled without changing the external and internal conditions: segment (A) — of oil movement from the
oil pump to the filter of fine cleaning oil; segment (B) — of the oil movement from of fine cleaning oil
to the general tee of the turbocharger; segment (C) — of oil movement from the common tee to the
hydrobattery; segment (D) — of oil movement from the hydrobattery to the common tee providing
lubricant for the turbocharger bearing; segment (E) — of oil movement from the common tee providing
lubricant for the turbocharger bearing to the bearing; segment (F) — of oil movement from the oil tank
to the oil pump.

Since we know the parameters of the lubrication mode of the turbocharger bearing assembly
(nominal volume of oil consumption (Qo); nominal oil pressure in the turbocharger bearing (Po)),
calculations were made from the end of the oil line, that is, from the turbocharger bearing. The diameters
of the oil pipes are determined from the expressions (segments (E), (D), (C), (B) and (A)):

V
d, = 4QO' dy =, |[—— 8_p, de = V_n 8_9, d, = 4Qo,dA= 4_Q°, 3
TEVE M ﬂ:tu I:>h e nt P0 TCVB TCVA
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where Ve — oil flow rate in the segment (E), m-s.
V,, — useful volume of the hydrobattery, m?;
p — oil density, kg-m;
Pn —nominal oil pressure in the bearing, MPa;
¢ — coefficient of oil consumption from the hydrobattery;
t, — time of rotation of the rotor of the turbocharger after the engine stop, s.
t — charging time of the hydrobattery, s.
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Fig. 1. Scheme of individual lubricant system bearing engine turbocharger: 1 — oil tank; 2 — oil
pump; 3 — valve of pressure reducing; 4 — oil filter; 5 — bypass valve; 6 — sensor of pressure;
7 — hydrobattery; 8 — bearing of the turbocharger; 9 — reverse valve at the entrance to the hydrobattery;
10 — reverse valve at the exit of the accumulator; 11 — reverse valve of the lubrication system of the
bearing of the turbocharger

Taking into account the pressure loss in all sections, the pressure generated by the oil pump can be
determined by the formula:
P =P +AP. +AP. + AP, + AP, + AP, =
32vL.p(Q,mdZ —4Q,
_p, + 1289PQ L—§+L—3+L—’:+ Q°4 e |+ il S~ C)+ 0509 4)
T dg d; d 16md; nde u,md, h, sinp,

0

where APg, APc, APg, AP, APyr — accordingly, the loss of pressure at sections (A), (B), (C), (E)
and the valve of pressure reducing, MPa;
Le, Le, Ls, La—accordingly, length of the oil line tubes at sites (E), (C), (B), (A), m;
v — kinematic viscosity, m?-s?;
wr — ratio of the oil flow through the valve of pressure reducing;
&r — resistance coefficient of the filter of thin clearing oils;
h, — lift height of the valve of pressure reducing, m;
Buw — angle of the cone of saddle of the valve of pressure reducing, grad.

The required pump supply is determined taking into account the separation of the oil flow into two
parts during filling of the hydrobattery of the turbocharger:

2 ’ZP
Qn:Qo"'QB:Qo"'%‘rdB TO’ (5)

Power of the pump is determined by the formula:
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2
N, :(Po +128va0 (L—”Jr Ly . L, N Q, ) 32VLCp(QOﬂ;dC —4Qc)+

—+— +
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(6)
+—0,5pQ? | Q, +n?dZd? V4LC :
w, nd, hsinB,, 8Qyk, ( Py +128vL Q)
The calculation of the oil filter consists in determining the area of its filter element:
E - 120Q,v , )

FCngepVe

where C — coefficient that depends on the type of the filter element;
Nn — pump feed coefficient that takes into account oil leaks through the gaps.

Calculation of parameters of the oil tank. It is most appropriate to produce flat and cubic tanks. The
calculated cooling surface is equal to:
F — 1’ 4Nim (l_ n.m.) + Wpr

Kn,(T-T,) ©

where K — coefficient of heat transfer from the oil through the steel wall to the air, kJ/m?-s-grad;
T — maximum permissible temperature of the oil in the tank, grad,;
To — ambient temperature, grad;
W — amount of heat that must be removed from the bearing of the turbocharger , kJ-s.

The length of the sides of the oil tank is determined by the formula:

F
—g=c=,|—. 9
a=6=c¢ 6 ( )
At the same time, the condition must be met, the volume of the oil tank must be greater than the
required amount of oil located in the turbocharger bearing lubrication system:

Vi =V, +V,, +V,, (13)

where Ve — volume of oil in the hydrobattery after full charge, m?;
Vha — volume of oil in the pipelines of the lubrication system, m3;
V: — volume of ail in the fine filter, m?.

Determination of the hydrobattery operating parameters. Determining the operating parameters of
the hydrobattery is carried out based on the minimum design volume and the specified range of the
operating pressure (from Pmax t0 Pmin), On the one hand, and ensuring the maximum useful capacity of
the battery — on the other. The initial parameters for determining the volume of the hydrobattery are the
minimum and maximum working pressures, as well as the useful capacity of the hydrobattery. The
design volume of the hydrobattery is determined from the formula:

Y (12)
0.9P 09P4 "

min __ min

P, P

min max

tv

where Vy — total volume, m?;
Vu — useful volume of oil displaced from the battery from Pmay t0 Pmin, MPa;
| — isothermal l1aw; Pmax, Pmin — maximum and minimum pressure, MPa.
The volume of the gas chamber is determined from the formula:

Ve Yo (12)

The dimensions of the hydrobattery cylinder are determined based on the optimal ratio of diameter
to length:
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L

—k.d (13)

ha?

where L, — length of the hydrobattery cylinder, m;
K: — ratio of the length to the diameter of the hydrobattery cylinder, m;
dna — diameter of the hydrobattery cylinder, m.

Then the diameter of the cylinder of the hydrobattery can be determined by the formula:

d,

* \krx

(14)

The calculation and selection of the thickness of the wall of the hydrobattery is carried out taking
into account the strength requirements. The internal pressure of structural destruction is taken from the

calculation:

where fs — safety coefficient.

The wall thickness, from the strength condition, is found by the formula:

S

Pp = fs Pmax, (15)
_ Rl 16
- 40 1 ( )

where ¢ — strength limit, MPa.

To develop an experimental sample of an individual turbocharger lubrication system, we must select
a specific brand of turbocharger. The choice should be guided by the fact that this model of turbocharger
is widely used not only on trucks, but also on tractor engines that operate in the most difficult production
conditions, both in industry and in agriculture. The TKR-11 turbocharger is very popular, as it is
installed on well-known models of engines of cars and tractors.

Table 1 shows the results of implementing a mathematical model of an individual bearing
lubrication system for an internal combustion engine turbocharger.

Table 1

Initial data and results of calculations of the individual lubrication system
of the bearing for the TKR-11 turbocharger (YAMZ-238L engine)

Indicator Designation Unit Parameter value
Oil pressure in the bearing of the turbocharger Py MPa 0.4
Qil supply in the bearing of the turbocharger Qo md.s! 0.000033
Qil flow rate in the pipe (E) Ve m-s*! 2.5
Segments length:
Tee — the bearing of the turbocharger Le m 0.3
Hydrobattery — tee (yield of oil) Lo m 0.15
Tee — hydrobattery (oil inlet) Lc m 0.15
Tee — filter L m 0.5
Filter — pump La m 1
Qil pump supply Qn m3.st 0.000042
Pressure generated by the pump Py MPa 0.52
Required pump power Nn KVt 0.022
Area of the filter element Fi m? 0.01384
Volume of the hydraulic tank Vi I 10
Hydrobattery options
Cylinder length Lha m 0.203
Diameter of the cylinder Dha m 0.203
Diameter of the intake hole dd m 0.0015
Diameter of the prom hole dc m 0.003
Charging time t S 392.4
Diameter of the oil lines DagEe m 0.005
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Conclusions

The individual turbocharger bearing lubrication system makes it possible to use special turbine oils
of synthetic origin that are not prone to coking, have higher stability when working with high
temperatures and the ability to adapt to changing operating conditions during operation, which increases
the durability of the turbocharger.

The developed mathematical model allows: to calculate all parameters of the individual bearing
lubrication system of the turbocharger, that is, to determine the values of all design parameters of the
lubrication system (of the parameters of the oil pump, of the hydrobattery, of the oil pipes, of the fine
filter), which are necessary for production of a working sample of the individual bearing lubrication
system.
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